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Propósito: el propósito de este pre-estudio es construir un test de lectura mediante 
frases de igual legibilidad con la finalidad de medir la velocidad lectora (VL) y la 
agudeza visual en lectura (AVL) usando dispositivos electrónicos.  
Método: 55 frases fueron estadísticamente seleccionadas de las 70 que inicialmente 
se desarrollaron. Cada frase tiene una media de 60 caracteres y 11 palabras. Las 
frases fueron presentadas en un iPad y la lectura oral fue grabada mediante un 
programa de grabación digital. La AVL fue medida mediante frases simples de tamaño 
variable. La VL fue tomada binocular y a los sujetos se les pidió que leyeran en voz 
alta y lo más rápido posible. El tiempo de lectura fue calculado, y considerando los 
errores cometidos, se calculó la velocidad lectora en palabras por minuto (PPM).  La 
correlación y la repetitividad fue determinada para ambas mediciones. 
Resultados: las pruebas se realizaron en 22 sujetos sanos: 11 sujetos jóvenes (edad 
media 27±3.91) y 11 sujetos mayores (edad media 53±4.52). La VL en los sujetos 
jóvenes fue 249±15.87 ppm y en los mayores 223.72±18.46 ppm. La AVL fue                 
-0.1±0.07 logMAR en el grupo joven y -0.05±0.08 en el grupo de mayores. 
Estadísticamente se obtuvo una pobre concordancia entre la AVL y la agudeza visual 
en visión próxima, sin embargo, los resultados indican una buena correlación clínica. 
Los resultados muestraron una buena repetibilidad para ambos grupos: AVL 
(Kappa=0.71 en jóvenes y 0.65 en mayores) y VL (Kappa=0.75 en jóvenes y 0.85 en 
adultos) 
Conclusiones: el presente estudio indica que las frases seccionadas son una buena 
base para desarrollar un test de lectura. Deberían realizarse más estudios con la 
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Propòsit: el propòsit d’aquest pre-estudi es construir un test en lectura mitjançant 
frases de igual elegibilitat, amb la finalitat de mesurar la velocitat lectora (VL) i la 
agudesa visual lectora (AVL) utilitzant dispositius electrònics. 
Mètode: 55 frases van ser estadísticament seleccionades de les 70 inicialment 
desenvolupades. Cada frase te una mitja de 60 caràcters i 11 paraules. Les frases van 
ser presentades amb un iPad i la lectura oral va ser gravada mitjançant un programa 
de gravació digital. La AVL va ser mesurada mitjançant  frase simples de mida 
variable. La (VL) va ser mesurada binocular i als subjectes se’ls va demanar que 
llegissin en veu alta el més ràpidament possible. El temps de lectura va ser calculat, i 
tenint en compte el errors comesos, la VL en paraules per minut (PPM) va ser 
calculada. La variabilitat de la VL y la AVL entre subjectes i frases va ser quantificada. 
La repetibilitat i la correlació va ser determinada per les dues mesures.  
Resultats: les proves van ser realitzades en 22 subjectes sans: 11 subjectes joves 
(edat mitja 27±3.91) i 11 de mitjana edat (edat mitja 53±4.52). La VL als subjectes 
joves va ser 249±15.87 ppm i de 223.72±18.46 ppm en els subjectes de mitjana edat. 
La AVL va ser -0.1±0.07 logMAR al grup jove i -0.05±0.08 logMAR al gruo de mitjana 
edat. Estadísticament es va obtenir una baixa concordança entre la AVL i la AV en 
visió pròxima, no obstant el resultats indiquen una bona correlació clínica. Els 
coeficients de repetibilitat mostren en els dos grups una bona repetibilitat: AVL 
(Kappa=0.71 i 0.65) i VL (Kappa=0.75 i 0.85). 
Conclusions: l’estudi que presentem indica que les frases seleccionades son una 
bona base per desenvolupar un test de lectura vàlid i altament estandarditzat. Es 
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Purpose: the aim of this pre-study is to develop a reading acuity (RA) test creating 
sentences of equal readability in order to use them for measuring of the reading speed 
(RS) and the reading acuity using computer or hand held digital devices. 
Methods: 55 sentences were statiscally selected from 70 initially developed. Each one 
presented an average of 60 characters and 11 words. Sentences were presented on 
an iPad and the oral reading was recorded by a digital audio recording. The RA was 
taken by single sentence of variable size. The RS was taken binocular and subjects 
should read the sentences aloud as quickly as possible. The reading time was 
calculated, considering the errors made, and the reading speed in words per minute 
(wpm) was calculated. Variability in RS and RA between sentences and subjects was 
quantified. Correlation and test-retest repeatability was determined for both 
measurements. 
Results: test were performed in 22 visually normal subjects: 11 young subjects (mean 
age 27±3.91) and 11 older subjects (mean age 53±4.52). For young subjects the RS 
was 249.05±15.87 wpm and 223.72±18.46 wpm for older subjects. The binocular RA 
was -0.1±0.07 logMAR in young group and -0.05±0.08 in older group. A poor statistical 
correlation between RA and near VA was obtained, however the results indicate a 
good clinical correlation. High test-retest repeatability was showed in both groups: RA 
(Kappa=0.71 and 0.65) and RS (Kappa=0.75 and 0.85) 
Conclusions: the present pre-study shows that the sentences selected are a good 
basis for developing a reading test. More studies should be done in order to establish  
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Purpose: the aim of this pre-study is to develop a reading acuity (RA) test creating 2	
sentences of equal readability for the assessment of the reading speed (RS) and the 3	
RA using digital devices.  4	
Methods: 55 sentences were statically selected from 70 developed. Each sentence 5	
presented an average of 60 characters and 11 words. Sentences were presented on 6	
an iPad and the oral reading was recorded by a digital audio recording. The RA was 7	
taken by single sentences of variable size. For RS the sentences were read aloud as 8	
quickly as possible. The reading time was measured and considering the errors made 9	
and the RS in words per minute (wpm) was calculated. Variability in RS and RA 10	
between sentences and subjects was quantified. Correlation and test-retest 11	
repeatability was determined for both measurements. 12	
Results: test were performed in 22 visually healthy subjects: 11 for the young group 13	
(mean age 27±3.91) and 11 older group (mean age 53±4.52). For young subjects the 14	
RS was 249.05±15.87wpm and 223.72±18.46wpm for older subjects. The RA was -15	
0.1±0.07logMAR in young group and -0.05±0.08logMAR in older group. A poor 16	
statistical correlation between RA and near visual acuity was obtained, however the 17	
results indicate a good clinical correlation. High test-retest repeatability was showed in 18	
both groups: RA (Kappa=0.71 and 0.65) and RS (Kappa=0.75 and 0.85) 19	
Conclusions: the present pre-study shows that the sentences selected are a good 20	
basis for developing a reading test. More studies should be done in order to establish 21	








Reading is one of the most important visual skills for the human being since it allows to 24	
receive knowledge from the age of the 5-6 years1. In our modern society reading ability 25	
is essential for the daily life, and is necessary to manage in a world where technologies 26	
are increasingly established in our daily. For example, smartphones are constantly 27	
used for communication between people, in schools are increasingly installed 28	
computers and tablets for study and monitoring classes. Also the main activity in our 29	
work is based on reading, either on paper or on electronic devices.  30	
Near 517 million people worldwide suffered from impaired near vision2,3 that induce 31	
reading difficulties. A reduction in reading ability is associated with worsening quality of 32	
life, being able to cause: a higher risk of accidents, a cognitive decline, leading to lower 33	
self-esteem or higher levels of depression4,5,6. 34	
 
Visual Acuity (VA) in far vision is an essential clinical parameter in any optometric or 35	
ophthalmologic examination7, and with as a simple measure we can detect from 36	
amblyopia8 to more severe dysfunctions such as age-related macular degeneration 37	
(AMD)9. The method for measuring VA in far vision is fairly standardized throughout the 38	
world using for example different letter formats. All the methods for specifying this 39	
acuity are remarkably similar in that they are all based on Snellen’s standard for the 40	
target detail subtending 1 min arc at the eye10,	 which corresponds to a VA = 41	
0.00logMAR.	 In contrast to distance VA, for near VA measurement there is no 42	
consensus regarding which tests or charts should be used11. Procedures for measuring 43	
VA in near vision vary widely because they are based on various standards and 44	
systems, so conversion from one test to another is very complicated10. In the usual 45	
clinical practice a variety of charts are used, for example, charts with different 46	
typologies of separate letters or numbers. Some types of patients (for example, post 47	
cataract surgery with an implantation of an intraocular lens12,13 or retinal disease 48	




effective reading. For this reason it is recommended to measure reading ability in 50	
addition to VA alone, because reading sentences is a more complex function that 51	
reading spaced letters on a Snellen chart and can be expected to produce more 52	
relevant information of near vision abilities14,15,16.	. 53	
Reading process can be defined as the ability to pass the view by writing or printing 54	
understanding the meaning of the characters used. A correct reading ability depends 55	
on several factors or visual skills: visual acuity, accommodative abilities, convergence 56	
and ocular motility. This factors constitute the primary and immediate physiological 57	
demands in our visual system for reading17. Young demonstrated that refractive error 58	
affects reading performance, being superior in hypermetropes than in emmetropes or 59	
myopes. It is believed that the myopic eye suffers less accommodating stress and 60	
improves attention by predominating its central vision18. The blurring of the retinal 61	
image by an ineffective accommodative response may affect reading ability19. A 62	
significant correlation between reading disabilities and low accommodative 63	
amplitudes20 and accommodative infacility21 has been demonstrated.  Reading speed 64	
and therefore the reading depends: on the number of ocular movements made, the 65	
length of each fixation, the number of regressions and the amplitude of recognition22. 66	
Anomalous eye movements could be responsible for an ineffective reading23,24  67	
 
Reading skills have been investigated from many different perspectives as cognitive 68	
oculomotor or sensorimotor interactions. Thus, reading test have become useful 69	
investigative tools for several fields of research, including psychology, neurology, and 70	
psychiatry25. In addition, reading test are also used for evaluating reading competence 71	
and diagnosing reading disabilities such as dislexia26. One of the most widely used and 72	
versioned test in different languages is the one that Legge and colleagues introduced 73	
in 19895, the MNREAD test was originally a computer-based test converted to printed 74	
cards. The original MNREAD test consisted of both, sentences and single words of 75	




of VA. In 1993 the test was replaced by the MNREAD Acuity Chart27,	 the new 77	
logarithmic test measures from 1.3 to -0.5 logMAR (in steps of 0.1) reading acuity and 78	
reading speed using standardized 60-character sentences arranged in 3 lines. Using 79	
the MNREAD Acuity Chart, the reading acuity corresponds to the smallest readable 80	
letter size and the reading speed corresponds to the total number of correctly read 81	
words per minute (wpm) of the sentence with the less reading time. However, the 82	
MNREAD has some limitations28,	 the small number of sentences contained in the test 83	
induce repetition of the sentences in longitudinal studies. These types of test are 84	
complex to pass; the examiner has to measure time, monitor reading distance, and 85	
record results. Short sentences are susceptible to induce false starts or time taken to 86	
self-correct reading errors, both of which may increase test-retest variability. It also has 87	
a high variability when tests are performed on separate days and with different 88	
examiners. 89	
Another test commonly used today is the one created by Wolfang Radner et al. in 90	
199829.	This test was developed with the purpose of creating a standardized reading 91	
test with high concordance. In contrast to the MNREAD Chart, Radner W. et al. 92	
developed similar sentence in terms of words (14 words per line), number of syllables 93	
per word, number of characters (82-84 characters), lexical difficulty and linguistic 94	
aspects such as grammar and syntax. The sentences were composed of three lines. 95	
The letter font used was Helvetica; all notations (decimal, Snellen, M-units and 96	
logMAR) were given for 40 and 32 centimeters. In total, 24 different sentences with a 97	
high reproducibility in VA and reading speed measures were validated. 98	
 
The archetype visual test should consist of a large number of sentences to avoid 99	
repeating the measurements with the same sentence and improving the results by 100	
learning effect. It is necessary to develop sentences comparable to each to minimize 101	




standardized in terms of print size (letter size), number of characters and words of 103	
sentences, lexical difficulty and grammar30.  104	
There is no test validated in Spanish language that measures accurately the reading 105	
acuity and the reading speed. We believe that it is important to have a reading test in 106	
Spanish language with a high reproducibility so that it can be used in research, where 107	
multiple measures under different conditions are performed to the same subject28, as in 108	
usual clinical practice.  109	
This type of test can be very useful in patients with limitations in the optical quality of 110	
their visual system; for example, patients with presbyopia, with onset of cataracts or 111	
pseudophakic patients may present a considerable reduction of their reading ability. In 112	
the same way the reading test could also be used in patients with ocular pathologies 113	
such as AMD, in order to accurately measure visual loss in near vision.  114	
The aim of this report is to perform a pre-study of visual abilities by designing a new 115	
reading test in Spanish language. The pre-study that follows is intended to measure 116	
with short sentences both, the reading speed and the reading acuity by electronic 117	
devices. The concordance between the near visual acuity with a “traditional method” 118	
and reading acuity will be calculated. Measures are performed in two groups of 119	
different ages; young and adult subjects were tested binocularly while wearing their 120	
habitual corrections, which included a near addition for the presbyopic subjects. 121	
 
METHOD 122	
We have developed 70 sentences with 60 characters (mean 60.43, S.D. 1.35, range 123	
58-63) per sentence (including spaces between word). Each sentence had between 10 124	
and 14 words (mean 11.1, S.D. 1.04). All sentences were in Spanish, including a 125	
vocabulary extracted from the 500 words most used in Spanish (by the Spanish Royal 126	
Academy). We had the collaboration of an experienced Hispanic philologist, to adapt 127	
the lexical and grammar of sentences to a level of third elementary school education. 128	




The font used was the sans-serif typeface bold Helvetica. Because like reported Xu R. 130	
et al.31 this font is similar to Arial and it has a larger lower case x-height than other 131	
fonts, and thus upper and lower case letters are more similar in size. The font size was 132	
equivalent to 0.5 logMAR, this font size it is the smallest size used in most newspapers 133	
and the average size used in smart phone text messages31. We displayed each 134	
individual sentence in a single line with an average of 11 words, because this is the 135	
maximum length for efficient reading32. Sentences were presented with PowerPoint 136	
(Microsoft) obtaining a high contrast between the black letter and the white background 137	
(background luminance 180 cd m-2). 138	
The screen resolution is determined by the number of pixel per millimeter (pixel per 139	
mm). A standard computer (e.g. an Apple MacBookPro) has a resolution of 9 pixels per 140	
mm, while a high-resolution printer has 100 dots per mm. Therefore, the smallest letter 141	
size we can display on a standard screen is considerably larger than a letter printed 142	
with a high-resolution printer31. To obtain very small angular letters size (e.g. -143	
0.3logMAR), we would need larger distance test presentation (e.g. greater than 40 or 144	
50 cm). In our study we used an ipad Air Retina display with a resolution of 2048x1536 145	
at 264 pixels per inch, the high resolution of this screen allowed us to keep the test at a 146	
single distance. The font size was calculated based on the resolution of this screen for 147	
values between 0.5 an –0.3 logMAR. The reading distance was 50 centimeters, which 148	
is the mean reading distance for presbyopes33,34. 149	
To record the reading time of each sentence, we used a visual digital audio recording 150	
program (Audacity). Keeping the noise in the room to a minimum, we start the 151	
measurement time a few seconds before the start of the oral reading and we finish it 152	
after the reading of the 70 sentences. Subsequently, thanks to visual recording of the 153	
audio, we measured the exact reading time of each sentence with a resolution of 0.01 154	
seconds. An example of a single sentence is shown in Fig.1, each spike in the 155	




reading time in seconds. We compared the impact on the reading speed measurement 157	
using a stopwatch and the Audacity program. The stopwatch control relies on the tester 158	
skills listening to each sentence and responding in real-time, while the digital audio 159	
recording method employs visual cues to identify the beginning and end of the 160	
sentence, and allows the tester to take as much time as possible to make the 161	
judgment31.	162	
Reading acuity 163	
The reading acuity was presented with the sans-serif typeface Helvetica in bold, using 164	
Microsoft PowerPoint. The reading acuity was taken both, monocular and binocular. To 165	
avoid the learning effect of the sentences sequence, 3 different versions of the 166	
PowerPoint were created. The instructions given to subjects were to read the 167	
sentences as quickly as possible without errors, in this experiment the reading time 168	
required to read each sentence depends directly on the angular size of the letter. If the 169	
subject made an error reading the sentence, then another sentence with the same 170	
angular size was presented. If this time read correctly the sentence was passed to a 171	
higher VA size (smaller angular size). The reading acuity corresponded to the size of 172	
the last sentence read correctly. 173	
Reading speed 174	
The reading speed of 70 sentences was measured by recording with the audacity 175	
program. Sentences were presented (at a distance of 50 cm) with PowerPoint on an 176	
Ipad Air Retina, each sentence being automatically displayed to the subject for 6 177	
seconds with a 2 seconds white screen between each sentence. The typeface was 178	
sans serif Helvetica in bold. We created 4 different versions of the power point; in this 179	
way the order of the sentences was more random for each subject. Before reading the 180	
70 sentences, the subjects were told to read the sentences aloud as quickly as 181	
possible, trying not to make errors. During the reading, the tester listened to each 182	




heart later from the recordings. We calculated the reading time (in seconds) of each 184	
sentence with the audacity, then calculate the reading speed in units of words per 185	
minute (wpm) by the following Fig.2 formula31,35: 186	
 
[Reading speed (wpm) = 60 x (11 - errors) / duration (s)]    Fig.2 187	
 
Where errors represent total unread or incorrectly read words in each sentence, 188	
regardless replays. For this calculation, we assumed each sentence included 11 189	
standards words (=60/6), since an average word in Spanish language contains about 190	
six characters in length36. This reading speed calculation is independent of the actual 191	
number of words in the sentence (which varied from 10 to 14). 192	
 
Selecting sentences with similar readability characteristics 193	
It becomes very challenging to develop a reading test with a high number of sentences 194	
and a similar readability between them. To achieve an even greater readability 195	
between sentences, the data extracted from both groups (young and old) have been 196	
analyzed. A total of 15 sentences, from the initial 70, were eliminated according to the 197	
following criteria: 198	
• To equalize the Reading speeds of sentences, the 95% interval was calculated 199	
(mean ± 1.96 x SD) and all sentences that fell outside this range (i.e. in the 200	
higher and lower 2.5%) were eliminated. Fig. 3. 201	
• The mean reading speed of each sentence was calculated and those with a 202	
greater variability (i.e. greater SD) were eliminated. 203	
• The errors that the different subjects of both groups committed in the sentences 204	






Near visual acuity using a traditional method (a printed letter designed to be presented 207	
at 40 cm with a logarithmic scale) was measured first. Then, the reading acuity and the 208	
reading speed were determined for all subjects. Reading acuity was passed first, since 209	
we saw that the prior knowledge of the 70 sentences when measuring reading speed 210	
affected to the reading acuity results. In order to measure repeatability, both measures 211	
were repeated in 10 subjects, with a separation between both measures of at least 7 212	
days. 213	
 
The results were analyzed with the statistical program SPSS. The Kolmogorov-214	
Smirnov normality test was used to calculate the distributions of the variables. The 215	
quantitative parameter values were presented with means and standard deviations. 216	
The Pearson coefficient was used to determinate the concordance between the 217	
measurement of the near VA and reading acuity. And The Kappa coefficient of 218	
repeatability was used to determine the repeatability of the reading acuity and reading 219	
speed. 220	
 
The subjects who participated in this study have passed a questionnaire in order to 221	
discard, previous history of amblyopia, refractive surgery, diseases or ocular trauma 222	
and dyslexia. We measured the vision of all subjects (taking their usual correction), to 223	
make sure that VA in near and far vision was of ≤0.00 logMAR. In addition, the values 224	
of phorias, approximate point of accommodation and convergence have been 225	
measured. All subjects were tested binocularly while wearing their habitual corrections, 226	
which included a near reading add, for the presbyopic subjects. After receiving an 227	
explanation of the nature and possible consequences of the study, all subjects 228	








After passing the inclusion criteria, 22 healthy subjects were eligible to participate in 231	
our pre-study with visual acuity better than 0.0 logMAR. The subjects were divided into 232	
two groups by different ages. Group A (11 subjects, 5 men and 6 women) aged 21-32 233	
years (mean 27 ± 3.91) and group B (11 subjects, 6 men and 5 women) aged 50-62 234	
years (mean 53 ± 4.52) with a near addition from +1.50 to +3.00 diopters.  235	
We analyzed the reading speed data (in wpm) of both groups and sessions using the 236	




The mean binocular near VA measurement with the printed chart was -0.2±0.068 and             240	
-0.1±0.104 for group A an B respectively, while the mean binocular reading acuity was            241	
-0.1±0.078 in young group and -0.05±0.082 in older group. Table 1 shows the mean, 242	
standard deviation and range of VA with both methods and groups. The statistical data 243	
showed poor agreement between these two methods for binocular VA, the Pearson 244	
coefficient was 0.488 (p=0.128) for group A and 0.385 (p=0.242) for group B. However, 245	
a statistically significant agreement was founded between methods for monocular VA, 246	
obtaining a Pearson coefficient of 0.65 (p=0.03) for group A and 0.86 (P=0.001) for 247	
group B.   248	
A statistically significant difference between the two groups was founded (p<0.05) for 249	
the monocular and binocular measurements. In general, younger subjects obtained a 250	
higher reading acuity than older subjects, however the mean binocular reading acuity 251	
was the same for both groups. 252	
The Kappa coefficient of repeatability was calculated for 10 subjects in two different 253	
sessions. The statistical results showed a good repeatability for the 5 young subjects 254	






The mean and standard deviation for reading speed in words per minute for young 257	
subjects was 249.05±15.87, while in the older subjects it was 223.72±18.46. Figure 4 258	
shows the mean reading speed for each sentence in both groups and clearly can be 259	
observed how the reading speed of each sentence is lower in group B than group A, 260	
this difference is also statistically significant (p<0.05). The read errors made (words not 261	
read or read incorrectly) shows no significant differences between the two groups, 262	
young subjects made 21 errors and adult subjects made 25.   263	
Reading speed was re-tested in 10 subjects. Table 2 shows the reading speed means 264	
for each subject. In general, excluding subject 1 (S1) from group A, the results of 265	
reading speed increases in the second session and in those cases that the reading 266	
speed decreases, the difference is not statistically significant. The mean difference of 267	
the reading speed between session 1 and session 2 was 12.28±2.85 wpm for group A 268	
and 5.23±3.73 wpm for group B.  269	
The Kappa coefficient of repeatability shows a high reproducibility in the reading of the 270	
55 sentences, the young subjects coefficient Kappa was 0.75 (p<0.05) and in adult 271	
subjects was 0.85 (p<0.05). 272	
 
DISCUSSION  273	
To prevent the learning effect of sentences in a reading test, it is important to avoid 274	
repeating texts. In this way, it is basic to avoid repetition of sentences when the same 275	
subject is evaluated in different sessions. The ideal reading test should contain a large 276	
number of items so that it can be used in usual clinic and research.  277	
55 sentences were specially created and selected for this pre-study for measuring 278	
reading speed and reading acuity in contrast to Radner et al. which only validated 24 279	
sentences in total29. The sentences optotypes were statiscally selected in two groups of 280	




comparable in terms of lexical difficulty, length of words and reading time. Thus, the 282	
test sentences are of almost equal reliability.  283	
The Audacity recording software has allowed analyzing the results after each session 284	
and obtaining the reading times of each sentence with high accuracy and reliability.  285	
Typical maximum reading speed for healthy sighted subjects is around 200 wpm37, and 286	
our reading speed for 11 young subjects is 249.05±15.87 and 223.72±18.46 for the 11 287	
older subjects. These results are higher than those found by Subramanian et al. 288	
(mean: 211±13.93 wpm)38, they used the MNREAD Charts at 50 cm with 13 subjects 289	
(mean 23 years). In contrast to our methodology, the measurement of the reading time 290	
depended on the examiner, because Subramanian et al. used a stopwatch. Also they 291	
did not encourage the patient to read as quickly as possible.  292	
Radner et al. measured with a printed chart at 40 cm the reading speed (mean: 209±41 293	
wpm)29 in 99 students (mean 23 years). They used a similar methodology to the one 294	
we used and if the standard deviation is considered, the range of their reading speed is 295	
similar to the reading speed that was obtained in this study.  296	
In these both previous studies, three-line printed sentences were used in contrast to 297	
our single line sentence. Single sentence for reading speed is ideal for laboratory and 298	
clinical studies which compare different conditions in the same subjects, but there are 299	
more variable for studies of different groups of patients31.  300	
Interpreting reading speed results between different studies must be analyzed with 301	
caution. Testing methods and procedures play a large role on the results of mean 302	
reading speeds, and may explain the differences between results11. Brussee et al. in 303	
their study compared the reading speed measurement with different languages, 304	
methodologies and different formats of the test presentations (electronic devises and 305	
printed charts). 306	
The reading speed obtained in this pre-study is higher than other studies, however for 307	





The older subjects read more slowly than the youngest subjects. However this fact 310	
does not cause that the older subjects made fewer errors, since both groups made a 311	
similar number of errors. The errors made during the reading acuity measurement 312	
increased as the font size decreased. An increase in reading errors (or decrease in 313	
reading speed or reading acuity) is not only related with the characteristics of the test 314	
(e.g. lexical or grammar content), but also to the letter size29 and the characteristics of 315	
the patient (e.g. psychological factors, oral reading ability or refractive error). 316	
We obtained statistically significant differences between the measurement of reading 317	
acuity with our sentences and the measurement of the VA with a printed chart, 318	
indicating a poor agreement between the methods. However in the 68% of the cases 319	
the reading speed and the near VA coincide, indicating a good clinical correlation 320	
between both methods. Subramanian et al. obtained significant differences between 321	
the measurement of the distant VA and the reading acuity (40cm), however they argue 322	
that the comparison is not valid because VA was measured with letters and reading 323	
acuity with words38. 324	
We also examined test-retest repeatability for both reading speed and reading acuity, 325	
which showed that both measurements have high repeatability. A positive change 326	
indicates a small improvement on the reading speed in session 2. Otherwise the 327	




These preliminary results show a good basis for developing a highly standardized and 331	
validated visual reading acuity test.  332	
The young subjects read on average faster, this difference could allow us to 333	
differentiate different abilities between both groups.  334	
The measurement of the reading acuity and the near VA show a poor statistical 335	




Our pre-test has good repeatability, so our reading sentences could be used in the 337	
follow-up of patients with ocular or cataract surgery and other ocular pathologies.  338	
For a more accurate validation of the reading acuity and the reading speed is 339	
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Figure 1.  Example of a single sentence recording from the 




Figure 2. Formula to calculated reading speed in words 
per minute. 
 




Figure 3.  Mean Reading speed (in seconds) for each sentence. Red lines show the 95% 
interval of all 70 sentences, all the sentences outside the range were excluded. (a) 














Figure 4.  Reading speed in words per minute for all 55 sentences.  (a) Young 
subjects, mean reading speed (black line) = 243.54 wpm. (b) Older subjects, mean 


























Table 1. Range and mean values for reading acuity and near visual acuity (VA). Measured for both eyes, 
right (OD), left (OS) and binocular (BIN). 
 
YOUNG 
 OD OS BIN 
VA letter 
chart 
-0.1±0.06 (0.00 to -0.2)  -0.1± 0.05 (0.00 to -0.2) -0.2±0.06 (0.00 to -0.2) 
Reading 
acuity 
-0.1±0.03 (0.00 to -0.1)  -0.1±0.05 (0.00 to -0.2)  -0.1±0.07 (0.00 to -0.2) 
    
ADULTS 
 OD OS BIN 
VA letter 
chart 
0.00±0.06 (0.00 to -0.2) 0.00±0.09 (-0.00 to -0.3) -0.1±0.1 (0.00 to -0.3) 
Reading 
acuity 
0.00±0.09 (0.00 to -0.2) 0.00±0.06 (0.00 to -0.2) -0.05±0.08 (0.00 to -0.2) 
 
 
Table 2. Reading speed in words per minute (mean ± SD) for 5 subjects in each group. The table shows 
the results of both sessions. 
 
 YOUNG  OLDER 
 SESSION 1 SESSION 2  SESSION 1 SESSION 2 
S1 275.00 ± 23.14 258.82 ± 15.12 S1 226.80 ± 19.69 240.87 ± 22.65 
S2 252.87 ± 18.56 289.57 ± 20.98 S2 210.86 ± 21.57 209.52 ± 19.42 
S3 225.25 ± 13.13 232.39 ± 11.69 S3 223.72 ± 31.56 222.97 ± 23.69 
S4 258.82 ± 30.89 259.84 ± 22.65 S4 231.57 ± 23.30 227.58 ± 16.29 
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confidence interval). Tests of statistical significance can fail to show significance due to small 
sample sizes or variable measures (or both). However, the reason for the lack of significance is 
lost when only the p-value is reported. Conversely, large samples can elevate clinically 
meaningless results to something that is statistically significant. The preferred way to report 
data is to show the distribution of individual observations in a figure and allow readers to see the 
actual distributions of the data. Additional guidance on the journal’s expectations can be found 
in the May 2016 editorial– 
Twa MD. Transparency in Biomedical Research: An Argument Against Tests of Statistical 







As stated above, reporting outcomes as meaningful through the declaration of p-values is 
discouraged. Nevertheless, when reported, they should be reported along with the actual values 
of any measured parameters that are compared. Example: The rate of myopia progression was 
lower among the atropine group (0.10 D; 95% CI: 0.03 to 0.24 D) than among the spectacle 
lens wearing group (0.45 D; 95% CI: 0.25 to 0.65 D) and this difference was statistically 
significant (two-sample t(17) = 2.89; P=.01). Authors should report actual p-values rather than 
categorical values, e.g. P<.05. 
• The format for reporting P values is the capital, italicized letter P, e.g. P = .02, not P = 
.02, p = .02, or p = .02 
• All reported statistical parameters (r, P, t, F, etc.) should be italicized denoting them as 
symbols for the associated statistic, e.g. r, P t, F; they should not be bold. 
• Report P values to two places past the decimal without a leading 0, e.g. P = .04 not P = 
0.041, or three places when rounding would lead one to incorrectly interpret results as 
insignificant (e.g. P = .046 not .05) 
• Report P values to three places past the decimal when P < .01, e.g. P = .008 not P = 
.0083. 
• P values are probabilistic and not deterministic and therefore, cannot be 0 or 
1. P values reported as 0 by statistical software should be changed to P < .0001 
• Likewise, P values cannot be 1. P values reported as 1 by statistical software should be 
changed to P > .99 
Confidence Intervals 
Confidence intervals are the preferred way to report outcome measures and should be 
combined with a description of the central tendency (e.g. the mean or median). Confidence 
intervals indicate the precision of the estimated population parameter given the study sample 
characteristics. The 95% confidence interval is most commonly used and overlapping 
confidence intervals indicates no statistically significant difference. When readers are provided 
with confidence intervals for observed differences between two groups and the confidence 
interval of that difference does not contain 0, it is clear that there is a statistically significant 
difference between the groups. 
It is acceptable to abbreviate confidence interval as CI. Report confidence intervals as follows: 
With positive, the em dash can be used to separate the limits of the interval, e.g. (95% CI: 
4.25—9.75). 
When values reported span above and below 0, report the limits of the interval separated 








FIGURES AND GRAPHICAL STANDARDS 
Articles should normally contain no more than six total figures and/or tables. Figures should be 
as concise as possible and should be prepared with regard for the current page layout (i.e. two-
column text, 8.5 x 11-inch page dimensions). 
Guidelines for producing publication-quality artwork is available via the OVS/Editorial Manager 
homepage (https://ovs.edmgr.com/) by following the link to: 5 Steps to Creating Digital 
Artwork. 
File Formats and Resolution 
The journal production team is capable of working with both vector and raster graphic file 
formats. Vector graphics are created using vector illustration software programs, such as Adobe 
Illustrator or Corel Draw. These programs create graphics with well-defined, camera-ready 
features and can be scaled infinitely, without loss of quality. The most common vector file 
formats are .ai, .pdf, .eps, and .svg. 
Raster graphics such as scanned images, photographs, and files created in Photoshop have a 
limited resolution defined by the original image scale. These raster images become pixelated as 
they are scaled beyond their original size. Examples of common raster image file formats are 
.tif, .jpg, .png, and many more. 
Graphics should be created, saved, and submitted as either a TIFF (tagged image file format), 
EPS (encapsulated post-script), PDF (portable document format), or a .pptx (PowerPoint) file. 
Line art and scanned images must have a resolution of at least 600 dpi at final width. Electronic 
photographs—radiographs, CT scans, must have a resolution of at least 350 dpi at final width. If 
fonts are used in the artwork, they must be converted to paths or outlines, or embedded in the 
files. 
Figure Legends: 
Figures should be fully understandable apart from the text. Figure legends should contain four 
elements: 
1. A brief title describing the whole figure, including any panels. Good titles could be 
descriptive, stating the type of experiment that produced the results, or declarative, 
summarizing the overall result. 
2. A brief description of the methods, e.g. groups tested, sample sizes, testing methods, 
but should be limited to only the information relevant to the data presented in the figure. 
3. A summary statement of the results presented in the figure if not already included in the 
declarative brief title. 
4. Explanation of all symbols, colors, non-standard abbreviations, lines, scale bars, and 







Figure 1. Keratocyte Density of the Rabbit Cornea by Confocal Microscopy after lamellar 
incision. Tangential (en face) section of the anterior corneal stroma before incision. Keratocytes 
are more numerous in the anterior stroma, with highly reflective nuclei and visible cytoplasm 
revealing cell– cell junctions. Scale bar 50 m. 
Submit all figure legends on a separate Figure Legends page after the references. 
Use scale markers in the image for histology, electron micrographs, or other microscopy images 
and indicate any stains or contrast agents used. No keys should appear on the figures and titles 
should be avoided. 
Multi-panel figures should be labeled alphabetically with a high-contrast letter (Arial 10 pt.) in 
the upper left corner. 
Figure Axes and Keys 
The Journal prefers 10pt “Arial” or “Helvetica” bold font for the axis titles and 8pt “Arial” or 
“Helvetica” font for the axis values and keys. All keys must be included within the body of the 
plot box, not in the margins. Low resolution artwork, downloaded from the internet (JPEG or GIF 
files) cannot be used. 
Color Figures 
The journal accepts color figures for publication that will enhance an article. Color images must 
be created/scanned and saved and submitted as RGB color files. Color versions of figures will 
appear, at no charge, in the online version of the journal at www.opvissci.com. 
Reuse Permissions and Copyright 
Authors must submit written permission from the copyright owner to use direct quotations, 
tables, or illustrations that have appeared in copyrighted form elsewhere, along with complete 
details about the source. Any permissions fees that might be required by the copyright owner 
are the responsibility of the authors requesting use of the borrowed material, not the 
responsibility of Lippincott Williams & Wilkins or the American Academy of Optometry. To 





Data tables should be used to provide a compact summary of large datasets. They permit easy 
visualization and comparison of exact summary values (means, confidence intervals, risk ratios, 
odds ratios, etc.) and allow simple comparisons of stratified data. Data tables do not permit 
visualization of the raw data nor their distributions and therefore should not be the only form of 
data presentation. 
Tables should include a title above the table, appropriate column heads, and explanatory 
captions below that include definitions of any abbreviations used. The tables should be self-
explanatory and should supplement, rather than duplicate, the material in the text. Data that can 
be described in two or three sentences should be presented in the text and not as a table. 
Tables can be formatted as long or wide and care should be taken by the authors to carefully 
consider the best way to present the contrasts of interest. Narrow tables can be formatted to fit 
a single text-column in width, while wide tables can be formatted to span the full-page width. 
Create tables using the table creating and editing feature of your word processing software 
(e.g., Word). Tables must be submitted as editable text files. Picture files are not 
acceptable. Do not use Excel or comparable spreadsheet programs. 
REFERENCES 
Authors are responsible for making sure that each reference is cited correctly with respect to 
content and the Journal’s style. Number references consecutively, ordered by their first 
appearance in the text. Citations should be formatted as superscript numerals following the 
nearest punctuation mark (e.g. period, comma, or semicolon). Do not insert references as 
footnotes. It is strongly recommended that authors use a reference management system such 
as Endnote. To help authors achieve the correct reference format, an Endnote style file is 
available from the Journal home page (https://ovs.edmgr.com/). Sample references are given 
below: 
Journal article 
References should include the first four authors. References with more than four authors 
should list only the first three, followed by “, et al.” Standardized journal abbreviations should be 
used and can be found here: http://www.issn.org/services/online-services/access-to-the-ltwa/. 
Note that that the last page numbers are abbreviated (e.g. 367-375 becomes 367-75). 
Moore KE, Benoit JS, Berntsen DA. Spherical Soft Contact Lens Designs and Peripheral 
Defocus in Myopic Eyes. Optom Vis Sci 2017;94:370-9. 
Quandt SA, Schulz MR, Chen H, Arcury TA. Visual Acuity and Self-reported Visual Function 
Among Migrant Farmworkers. Optom Vis Sci 2016;93:1189-95. 
King BJ, Sapoznik KA, Elsner AE, et al. SD-OCT and Adaptive Optics Imaging of Outer Retinal 







Todd VR. Visual information analysis: frame of reference for visual perception. In: Kramer P, 
Hinojosa J, eds. Frames of Reference for Pediatric Occupational Therapy. Philadelphia: 
Lippincott Williams & Wilkins; 1999:205–56. 
Entire book 
Kellman RM, Marentette LJ. Atlas of Craniomaxillofacial Fixation, 2nd ed. Philadelphia: 
Lippincott Williams & Wilkins; 1999. 
Thesis/Dissertation 
“Thesis” generally refers to the document created as part of the Master’s degree requirement, 
e.g. M.S. A “Dissertation” is the document normally associated with the awarding of the doctoral 
degree, e.g. Ph.D. The citation styles for these documents should not include abbreviations for 
the degree awarded, e.g. M.S., or Ph.D. Instead, note the level of the degree in square brackets 
as in the following examples. 
Litts KM. Histopathology and Image Validation of Outer Retinal Tubulations in Age-Related 
Macular Degeneration [Doctoral dissertation]. The University of Alabama at Birmingham; 2016. 
Johnson MD. Spatial pattern recognition of videokeratography by decision tree classification of 
Zernike polynomials [Master's thesis]. The Ohio State University; 2002. 
Website or other online source (including databases) 
World Health Organization (WHO). Global Initiative for the Elimination of Avoidable Blindness: 
WHO/PBL/97.61; 1997. Available at: http://whqlibdoc.who.int/hq/1997/WHO_PBL_97.61.pdf. 
Accessed July 7, 2006. 
CANCERNET-PDQ [online database]. Bethesda, MD: National Cancer Institute; 1996. Updated 
March 29, 1996. Accessed July 7, 2016. 
Conference Paper/ Proceedings 
Li J, Singh M, Vantipalli S, et al. Assessment of the biomechanical properties of porcine cornea 
after UV cross-linking at different intraocular pressures. Proc SPIE 2015;9327:93270Z. 
Meeting Abstract (AAO / ARVO) 
AAO and ARVO annual meeting abstracts should be cited parenthetically in the text and should 
not appear in the article bibliography. The correct citation format depends on the publication 
date of the referenced abstract, i.e. the archival format. 
For AAO Abstracts published before 2005: (Omlor RA, et al. OVS 2003;80S:120.) 
For AAO Abstracts published since 2005: (King BJ, et al. OVS 2015;92:E-abstract 150100.) 




For ARVO Abstracts published since 2002: (Roska BM, et al. IOVS 2002;43:ARVO E-Abstract 
989) 
Software 
Epi Info [computer program]. Version 6. Atlanta, GA: Centers for Disease Control and 
Prevention; 1994. 
R: A Language and Environment for Statistical Computing: Release 2012. [computer program] 
Vienna, Austria: R Foundation for Statistical Computing; 2012. Available at: http://www.R-
project.org/. Accessed: May 11, 2014. 
Online journal 
Bex PJ, Langley K. The perception of suprathreshold contrast and fast adaptive filtering. J Vis 
2007;7(12):1–23. Available at: http://journalofvision.org/7/12/1/. Accessed October 10, 2007. 
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described in the manuscript. 
The letter should include a Statement of Significance and Originality. Please state what makes 
your research novel, interesting and worthy of publication. 
Full-length original research articles submitted to Optometry and Vision Science should not 
normally exceed 4000 words, including all figure legends and other associated text. If your 
submission exceeds these limits, explain why you think it should receive special consideration. 
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• Manuscript title, limited to 100 characters or less; 
• The authors’ full names, including first name, middle initial(s) (if applicable), 
surname/family name, highest academic degrees (no more than two) plus, if 
appropriate, FAAO; 
• Institutional affiliations for each author; 
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general and future significance of the work rather than submitting a shortened version of the 
abstract. 
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